INTRODUCTION
Extragalactic radio sources are conveniently divided into three distinct regions: 1. the diffuse clouds of emission which may exist up to megaparsecs away from the parent galaxy or quasar, 2. the narrow jets and hot spots which are thought to represent the transport of energy between the nuclei and the diffuse clouds, and 3. the compact sources which are coincident with galactic nuclei and quasars.
Regions 1 and 2 have been the subject of several recent reviews (e.g. Miley 1980 , Fomalont 1980 and are not discussed further here. In this article we consider primarily the compact extragalactic radio sources, which are characterized by small angular sizes (<< 1"), high surface brightness with peak brightness temperatures ~ 10 lz K, variability on characteristic time scales of months to years, and fiat or inverted radio spectra.
It is widely supposed that the compact radio sources reflect the "central engine" which produces the large amount of energy required by the extended emission regions. Studies of their spectra, time variations, structures, and particularly their kinematics are expected to give some insight into the manner in which relativistic electrons gain and lose energy and how they are transported out of the nucleus, and in this way perhaps lead to a better understanding of the nature of the fundamental energy source. Because of their small size it is relatively straightforward to determine the position of the compact radio sources with an accuracy better than one arcsecond. This is usually sufficient to permit an unambiguous optical identification, particularly since the optical counterparts are often prominent in that wavelength band (Condon & Jauncey 1974 , Weiler Johnston 1980 . Nearly all BL Lac objects, most quasars, and many radio galaxies contain compact radio nuclei. Compact radio sources are also found in other active galaxies, as well as in apparently normal spirals and ellipticals. However, the properties of the compact radio sources do not appea( to be related to the type of.optical identification, other than that the BL Lac objects appear to show the extremes of inverted spectra, high polarization, and variability .
The measured angular sizes of compact radio sources range upward from a few tenths of a milliarcsec. There is no clearly defined upper limit to what is called a compact source, but a useful operational definition of a compact source is one that shows self absorption above the lowest frequencies normally used in radio astronomy, say ~ 100 MHz. This leads to a maximum angular dimension ~ 0.1 arcsecond (see Equation (1) below). Corresponding linear dimensions range from ~ 0.01 parsec in nearby galaxies, to several hundred parsecs for some of the larger, more distant quasars. Assuming isotropic emission, the total radio luminosity may range from ,-~ 1037 to ,~ 1046 erg s-1, but the volume emissivity is typically of the order of i milliwatt km-3 for a wide range of luminosities and linear dimensions.
It is interesting to note that there are many compact Galactic sources, including the Galactic center itself, with comparable surface brightness and volume emissivity, but with luminosities of only ,,~ 10 aa erg s-1 and dimensions of only a few AU (see, for example, Kellermann et al. 1977a , Lo et al. 1977 , Geldzahler et al. 1979 . The relation between the compact Galactic and extragalactic sources is not clear, although the Galactic center source may represent a link between the more powerful extragalactic nuclei, and other compact Galactic sources.
In Section 2 we review the basic theoretical framework used to interpret compact radio sources, and in the following sections we discuss their spectra, their time variations, their brightness distributions, and their variations. In Section 7 the space distribution and evolution of the compact radio sources are compared with that of the extended radio sources, and the apparent differences are discussed in the light of their physical properties.
Other recent reviews that discuss the nature and properties of compact radio sources include those by , O'Dell (1978) , Wardle (1978) , Kellermann (1980a) , and Pauliny-Toth (1980) . Relevant reviews of the infrared and optical radiation (Stein et al. 1976 , Rieke & Lebofsky 1979 , Angel & Stockman 1980 and in the X-ray (Bradt 1980 ) band have www.annualreviews.org/aronline Annual Reviews also been published. The material included in this review covers the literature up to September 1980.
SOME BASIC RELATIONS
We assume throughout that the radio emission is due to partially opaque electron synchrotron radiation. For a uniform source of angular size, 0, a red shift, z, magnetic field, B, and for a power-law distribution of particle energy given by N(E)dEocE-rdE, the frequency, Vm, where the flux density reaches a maximum value, S~,, (~ ~ 1) is given approximately 2 V m ~ f(y) 1/5 S2m/5 0 -4./5 ( 1 -Jr-Z 1/5 GH z.
The function f(y) only weakly depends on y, and for ~ = 2, f(y) ~ 8. frequencies v >> Vm, the spectrum is given by the usual power law S 0c v% where the spectral index, ~ = (1 -~)/2. At frequencies v << v~,, S 0c ~ w ith a = 2.5, a value characteristic of a homogeneous opaque synchrotron source.
Variations in opacity throughout the source lead to an overall spectrum that can be considered as the superposition of many simple regions described by Equation (1) and can give rise to the so-called fiat or undulating spectra typically observed over a wide range of frequency.
Synchrotron radiation losses lead to a characteristic electron half-life at v m of t ~ B -a/2 v~1 /2 ~ 107 S 3 0 -6 v -8 (1 + Z) 3/2 years.
In very compact sources, in which the radiation energy density is comparable to the magnetic energy density, inverse Compton scattering causes additional electron energy losses, which lead to an upper limit to the observable brightness temperatures of ~ 1012 K (Kellermann & PaulinyToth 1969) . In principle, the magnetic field, B, and energy content in the form of relativistic particles, Ep, and magnetic fields, E m, may be estimated from detailed observation of the brightness distribution at many wavelengths which give the distribution of opacity and brightness temperature. Because the calculated values of B, Ep, and Em depend on the observables 0 and v m, raised to a power ,--10, accurate determinations are not feasible with the limited data currently available. Rough estimates indicate B ,,~ 10 -a+l gauss, Ep ~ 1052 s6 ergs, and Em some 10 orders of magnitude less. Detailed formulae for calculating B, Ep, and E~. from thẽ observables O, Vm, and Sm including the effect of complex geometries are given by Pacholczyk (1970) , Jones et al. (1974), and Moffet (1975) .
SPECTRA
As illustrated in Figure 1 , the compact radio sources have flat, undulating, or inverted radio spectra. Although in some sources the radio flux density is nearly independent of frequency (i.e. a ~ 0), more typically there are several local maxima and minima. In other sources the spectrum is inverted and the flux density increases toward the shorter wavelengths. The compact source spectra may be contrasted to the "normal" power-law spectra found in the extended sources, where the spectral index has a constant value, a ,-~ -0.8, or gradually steepens at high frequencies. Because the compact sources are generally variable, accurate spectra are not easy to measure. However, with simultaneous observations made over a wide range of frequency, or by interpolation of regular observations made at different times, reliable spectra have been obtained for a few hundred compact sources over a range of frequencies extending from several hundred MHz to 100 GHz, and in a few cases to 300 GHz. Although at frequencies greater than 20 or 30 GHz the flux density generally 
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0, 1 10 100 0,1 | 10 100 Frequency ( GH z Frequency (GHz) Figure 1 Radio spectra of the sources 2134 + 00, 3C 345, 0007 + 10, and 3C 84 taken from data given in Owen et al. (1980) and Witzel et al. (1981) .
www.annualreviews.org/aronline Annual Reviews decreases with decreasing wavelength, in some sources the spectrum remains flat or inverted even up to several hundred GHz (Kellermann Pauliny-Toth 1969 , 1971 , Owen & Mufson 1977 , Kreysa et al. 1980 , Jones et al. 1981 .
Effect of Opacity
It is generally assumed that in the compact radio sources the observed flat spectra are due to synchrotron self-absorption, although this is sometimes challenged because of the lack of observed sharp spectral cutoffs and the absence of any spectra with an index as steep as + 2.5, the value expected from a completely opaque synchrotron source. We do not, however, consider this a serious objection to the general class of opaque synchrotron models since, as in the case of thermal sources, the form of the observed spectra can be at least qualitatively interpreted in terms of spatial inhomogeneities, which cause different parts of the source to become opaque at different wavelengths and thus broaden the selfabsorption cutoff, ot lead to several minor "peaks" or "valleys." The shape of the observed spectra, as well as the VLBI observations discussed in Section 5, Suggest that the compact sources contain a small number of distinct components with well-defined cutoff frequencies. It is, however, difficult to understand, in that case, the apparently fortuitous circumstances which cause the different components to add together in just the way required to produce the remarkably fiat spectra that are sometimes observed over a wide range of frequencies (Cook & Spangler 1980) , Nevertheless, VLBI observations of 0735 + 17 , Marscher Shaffer 1980 , and B~th et al. 1980 ), a source with a very smooth fiat spectrum, do indeed confirm that it is composed of a number of discrete components, a fact to which Cotton et al. refer as a "Cosmic Conspiracy." Condon & Dressel (1973 ), de Bruyn (1976 ), and Marscher (1977a suggested that the fiat spectra may be interpreted in terms of a radial distribution of magnetic field strength and particle energy density of the form
B(r) = Bo(r/ro)-" and
where m = 1 and n = 2. Spangler (1980) has also interpreted a variety of spectra observed by Owen et al. (1980) in terms of inhomogeneous synchrotron models with somewhat different values of m and n. According to these models, the radiation observed at the longer wavelengths comes www.annualreviews.org/aronline Annual Reviews from a larger region, and the effective source dimensions are expected to increase approximately linearly with wavelength. For a typical brightness temperature of 5 × 1011 K, the characteristic source dimensions of the radiating region are given by
Although the VLBI observations tend to support models that consist of multiple inhomogeneous components with brightness temperatures in the range 1011 to 1012K (Kellermann 1978 , Marscher & Shaffer 1980 , they must be viewed with some caution owing to the bias introduced by using fixed-length interferometers whose resolution also varies directly with frequency. Jones & Hardee (1979) and Spangler (1980) have considered transparent models with a Maxwellian rather than conventional power-law energy distribution, and find good agreement with some of the observed spectra. Uniformly fiat spectra can also be represented by optically thin Synchrotron models with a relatively fiat electron energy distribution (i.e. 7 "~ 1), although such models appear to require higher infrared and optical flux densities than are observed (Marscher 1977b) . Moreover, the high brightness temperatures that are deduced from the VLBI observations, the sharp spectral cutoffs that are sometimes observed, the peaks and valleys often seen in the overall spectra, and the spectra of individual components determined from multi-frequency VLBI observations, all suggest that the effects of opacity are more important than the form of the electron energy distribution in determining the spectra of compact radio sources, at least at centimeter wavelengths. At millimeter wavelengths, on the other hand, the spectra often follow a power law with an index ~ -0.25, corresponding to an optically thin synchrotron source and a power-law electron energy distribution with an index, ~ ~ 1.5. Thus N(E) = KE-1.5 appears to describe the electron energy distribution, and models of acceleration mechanisms must account for this.
Extensions of the Spectra to Infrared-Optical and Shorter Wavelenoths
The origin of the infrared, optical, and shorter continuum wavelength radiation from objects identified with compact radio sources is not well established. Nearly simultaneous radio and infrared-optical observations on a limited sample o,f quasars and galactic nuclei are consistent with the infrared and at least part of the optical radiation's being an extension of the radio synchrotron flux (Jones et al. 1981) , but other mechanisms such as self-Compton radiation are not excluded (see, for example, O'Dell www.annualreviews.org/aronline Annual Reviews et al. 1978) . Flux density measurements at submillimeter and far-infrared wavelengths will be necessary to establish the relation between the radio and infrared-optical radiation more clearly.
VARIABILITY
Flux Density Variations
The early observations of radio flux density variations and their interpretation in terms of expanding synchrotron sources was reviewed by us previously (Kellermann & Pauliny-Toth 1968) . Since that time a wealth of data has been accumulated, which we summarize here. Figure 2 Andrew et al. (1978) , Wardle (1976), Kellermann Pauliny-Toth (1968 and unpublished) , Dent et al. (1974) , Dent & Kaptisky (1976) , Kojoian (1972). www.annualreviews.org/aronline Annual Reviews quasars and radio galaxies in the nature of the flux density variations, although the most rapid variations appear to occur in the BL Lac objects.
Most compact radio sources show flux density variations. Often there are multiple outbursts on a time scale of a year or so, but in some sources there is only a slow increase or decrease which may last ten or more years. Detailed analysis and quantitative comparison with theoretical models is difficult since different outbursts blend together in both frequency and time or are superimposed on a slowly varying event. On the basis of data spanning nearly 15 years, however, some general remarks can be made about the nature of flux variations (Altschuler & Wardle 1977 , Kesteven et al. 1977 , Andrew et al. 1978 , Fanti et al. 1979 , Fanti & Salvati 1980 , and Webber et al. 1980 .
(a) Variations are observed over a wide range of wavelengths extending from ~ 3 mm to ~ 1 meter. A specific event may be recognized over a range of about 100 to 1 in frequency.
(b) Often the amplitude of the outburst is nearly independent of wavelength, and the bursts occur simultaneously over a wide range of observed wavelengths. This is characteristic of an optically thin synchrotron source where the flux increase is due to the prolonged injection or acceleration of relativistic particles, and the decrease is due to adiabatic expansion or radiation losses. This type of behavior is seen particularly in BL Lac type objects, and at relatively long decimeter wavelengths (Fisher Erickson 1980) .
(c) The outbursts may also appear first at the shorter wavelengths, and then propagate with reduced amplitude towards longer wavelengths in the manner qualitatively expected from an adiabatically expanding synchrotron source that is initially opaque, but that becomes transparent at successively longer wavelengths as the sourc~ expands (Shklovsky 1965 , Pauliny-Toth & Kellerman 1966 , van der Laan 1966 , Kellermann & Pauliny-Toth 1968 . In general, however, the amplitude at the longer wavelengths is greater than expected from the simplest form of this model. Below some critical wavelength, where the source is initially transparent, the outburst appears simultaneously and with nearly equal amplitude at all wavelengths.
(d) In a few sources, which show prominent variations at relatively long wavelengths, the short wavelength variations are much weaker than would be expected, unless the variable component of the source is transparent at the shorter wavelengths and has a relatively steep spectral index.
It is not surprising that the observed dependence of flux density on wavelength and time does not follow the ideal model in which relativistic particles are instantly accelerated in an infinitesimal region that is initially opaque at all wavelengths, and that expands adiabatically with constant www.annualreviews.org/aronline Annual Reviews velocity and negligible radiation or inverse Compton losses. However, if account is taken of the initial size, spatial inhomogeneities, the effects of prolonged particle acceleration and energy losses, possible non-powerlaw electron energy distributions, and possible accelerations or decelerations, reasonably good fits to the data can be obtained (e.g. Peterson Dent 1973 , Aller & Ledden 1979 , Preuss et al. 1979 , and Fanti & Salvati 1980 . In this way the observed flux density variations, which are directly related to the manner in which the central engine produces relativistic particles, give some insight into the early evolution of compact radio sources.
Implications of the Observed Flux Density Variations
Although the dependence of flux density on wavelength and time can generally be adequately described by an expanding cloud of relativistic particles, with suitably chosen initial conditions and rates of particle energy gain and loss, there are no VLBI observations that can directly relate the assumed expansion to a flux density outburst. Probably this is the result of the complex source structure and component motions, which obscure small changes in the size of components. Direct confirmation of component expansion combined with multi-frequency flux density observations would contribute substantially to our understanding of the fundamental source of energy in quasars and galactic nuclei. The observed flux density variations alone, although complex, do not present any fundamental problem; but, at distances inferred from the conventional cosmological interpretation of the red shifts, the sometimes very rapid variability often leads to an apparent conflict with the generally accepted synchrotron models. Since it is usually supposed that the time scale for variations cannot be less than the light travel time across the source, an upper limit on the linear dimensions of the variable region can be estimated. When combined with the distance calculated in the usual way from the red shift, this often indicates angular dimensions that are so small that it appears the inverse Compton limit is exceeded, and that the required energy in the radio outburst is uncomfortably large, with total energies ,~ 106° ergs required on a time scale of a year or so (PaulinyToth & Kellermann 1966 , Hoyle et al. 1966 , Ledden et al. 1976 ). This problem is particularly serious when rapid variations are observed at the longer decimeter wavelengths, which suggest brightness temperatures up to I0 ta K (Fanti et al. 1979 , Condon et al. 1979 . The apparently extreme conditions required by conventional synchrotron models have led to the speculation that the compact variable sources are either closer than indicated by the cosmological interpretation of the red shift (Jones & Burbidge 1973 , Burbidge & Stein 1975 , or that they are www.annualreviews.org/aronline Annual Reviews not conventional incoherent synchrotron sources but radiate by some coherent process (Cocke & Pacholczyk 1975 , Benford 1977 , Cocke et al. 1978 , Colgate & Petschek 1978 .
These problems were first recognized, at least in a qualitative way, when the radio variations were first reported by Sholomitskii (1965) , about the same time that the quasars were found to have unprecedented large red shifts, and it was suggested that the observations might be incorrect or that the variable sources might be transmissions from extraterrestrial civilizations (Kardashev 1964) . When the observational evidence for rapid flux density variations became firmly established (Dent 1965 ), even at wavelengths as long as 20 and 40 cm, the consequences for conventional synchrotron theory and cosmological red shifts were discussed by Hoyle et al. (1966) and Pauliny-Toth & Kellermann (1966) .
The limitations of inverse Compton scattering and the observation that the outbursts are sometimes optically thin even at long wavelengths lead to lower limits on the angular size which are up to 100 times greater than those deduced by the simple light-travel-time arguments. Additional evidence that the sizes of variable radio sources exceed the light-travel size is suggested by X-ray observations in the band 3 to 17 keV which have been made during radio outbursts in several sources with the HEAO-A satellite. In no case are X rays observed, although if the source dimensions are smaller than those suggested by the time scale of the radio flux density variations, inverse Compton scattering is expected to give rise to an X-ray flux many orders of magnitude greater than the observed upper limit .
It has also been noted that if the radio source dimensions are as small as implied by the light-travel time, then, as in the case of pulsars, interstellar scintillations should be observable. Attempts to detect the scintillations give negative results implying brightness temperatures up to a factor of 104 smaller than those given by the light-travel-time arguments (Condon & Backer 1975 , Armstrong et al. 1977 , Condon & Dennison 1978 , Ozernoi & Sheshov 1980 , Dennison & Condon 1981 .
There is thus no direct evidence for the small dimensions that would require coherent emission mechanisms. In particular, the absence of scintillations during a strong radio outburst in the BL Lac object 0235 + 16 appears to place a lower limit to the size that is considerably greater than the light-travel size (Scheuer 1976) . This is a critical observation, since intergalactic absorption lines from an intervening galaxy appear to confirm the cosmological distance of 0235 + 16 (Wolfe et al. 1978) , although it has been noted that scattering in the intervening galaxy might cause an apparent increase in the observed dimensions (Condon & Dennison 1978) .
www.annualreviews.org/aronline Annual Reviews
The large flux density variations, the absence of Compton X-ray flux, and the large dimensions deduced from the scintillation observations can all be interpreted within the framework of conventional synchrotron theory and cosmology as due to "Doppler beaming" if the radiating region is moving nearly along the line of sight, with a velocity close to that of light. There is direct observational evidence for this bulk relativistic motion from VLBI observations, and this is discussed further in Section 6.
Polarization l~ariations
A number of the compact radio sources show significant and variable linear polarization. Although the measured polarization is typically only a few percent, in some sources, particularly those identified with BL Lac objects, the linear polarization sometimes exceeds 10 percent. The absence of any detectable internal Faraday rotation in these sources has an important consequence for models of compact sources and theories of partite acceleration, since it places strict limits on the number of thermal electrons permitted. Wardle (1977) and Jones & O'Dell (1977) have shown, in this way, that the number of relativistic electrons must be considerably greater than the number of nonrelativistic ones, and furthermore, that the number of low energy relativistic electrons must be much smaller than that expected from the usual power-law distribution. Thus any type of stochastic acceleration process would be difficult to understand. Rather, it appears more probable that some very efficient mechanism must operate, and several authors (e.g. Wardle 1977 , Jones & Hardee 1979 , Spangler 1980 have pointed out that relativistic Maxwellian distributions are consistent with the restrictions imposed by the polarization and variability observations, and that such an energy distribution could be the natural consequence of acceleration by a relativistic blastwave. Detailed observations of the variations of linear p61arization are difficult, since the degree of polarization is typically only a few percent, and the time scale for significant changes appears to be much less than for variations in the total flux density. Observations by Altschuler & Wardle (1976) , Andrew et al. (1978) , and Aller et al. (1981) show no dear patterns. In some sources the polarization angle remains constant throughout several consecutive flux density outbursts. In other sources, the direction of polarization may change, either monotonically or quite erratically.
A particularly remarkable outburst occurred in the BL Lac object 0235 + 16 which reached a flux density maximum in late 1975 (MacLeod et al. 1976 , Ledden et al. 1976 . During a period of ,-~ 40 days during the decline of this outburst, the polarization direction rotated through an angle of ,-~ 130 degrees (Ledden & Aller 1979) . As there was no significant www.annualreviews.org/aronline Annual Reviews difference between the position angles measured at 8 and 14 GHz, Faraday rotation is ruled out as a possible cause, and rotation or precession of the magnetic field appears the most straightforward interpretation. The 1975 outburst in 0235 + 16 is distinguished from other observed outbursts in that the flux density was several times greater than the quiescent value, and so the observed rotation probably more closely reflects the properties of the "central engine" than the more erratic variations that are observed in most other sources.
Optical and Infrared Variability
In general, there is no detailed correlation between flux density outbursts observed at radio and at IR-optical wavelengths (Pomphrey et al. 1976) , although sources that show large radio variations are usually included in the class of so-called Optically Violent Variables. In a few outstanding cases, however, such as the BL Lac objects OJ 287 (Pomphrey et al. 1976 ) and 0235 + 16 (Balonek & Dent 1980) and in the quasar 1921-29 (Gilmore 1980) , there is a clear relation between the activity at radio and optical wavelengths, implying a relation between the emission mechanisms at the two wavelengths and near equivalence of the emitting volumes.
STRUCTURE
Recent improvements in image formation techniques using interferometer baselines of thousands of kilometers permit pictures of compact radio sources to be made with resolutions better than one milliarcsecond. It is now possible to obtain a detailed "radio" view of quasars and galactic nuclei on a scale of the order of a few light years, and in some cases considerably less. Only at radio wavelengths, where the effects of tropospheric fluctuations are relatively small, is it possible to even begin to approach, for nearby galaxies, scale lengths comparable to those of accretion disks which may exist around the compact massive objects thought to exist in quasars and galactic nuclei. Even the Space Telescope with its diffraction-limited operation will have a resolution two orders of magnitude poorer.
Very Long Baseline Interferometer (VLBI) systems are still relatively crude, compared with conventional interferometer arrays such as the Cambridge 5-km radio telescope, the Westerbork Synthesis Telescope, and particularly the newly completed VLA (Heeschen 1981) . There are presently fewer antennas, they are not optimally located, and often they have poor sensitivity and are difficult to calibrate at the shortest wavewww.annualreviews.org/aronline Annual Reviews lengths, where the maximum resolution is achieved. The phase of the VLB interferometer response is generally lost, but images can be formed by means of several "self calibration" techniques which have recently been developed to deal with incomplete data (Readhead & Wilkinson 1978 , Cotton 1979 , Schwab 1980 , Cornwall & Wilkinson 1981 .
Typical VLBI maps are made using four or five antennas, although up to eight have been successfully employed. Nevertheless, although there has been considerable improvement in recent years, the number of pictare elements and the dynamic range are somewhat restricted in comparison with conventional aperture synthesis maps. Because of the instrumen~tal limitation, and the dependence of the self-absorption cutoff frequency on angular size [Equation (1)], there is a characteristic measured size compact radio sources which varies with the wavelength of observation according to Equation (5). Although there may be a wide range of opacity among sources, individual components are most readily observed at the wavelength where the flux density is near a maximum (opacity of the order of unity). If the opacity is greater (i.e. smaller dimensions), then the flux density is relatively small compared with other parts of the source. On the other hand, if the opacity is small, the component must be relatively large, and therefore substantially resolved by the interferometer. This conspires with the limited dynamic range to produce characteristic source sizes that are roughly proportional to the wavelength of observation. Thus, when observed over a range of frequency, individual sources show structural features ranging from a few tenths of a milliarcsecond or less at short centimeter wavelengths (Pauliny-Toth et al. 1978b , Matveyenko et al. 1980 , B~thth et al. 1981 ) to a few hundredths of an arcsecond or more at longer wavelengths (Wilkinson et al. 1979 , Simon et al. 1980 . In general, however, the dynamic range and the number of picture elements are at present insufficient to detect this broad range of surface brightness at any one wavelength.
When mapped in detail (see Figure 3 ), the compact sources show variety of structural forms ranging from simple doubles to asymmetric sources containing a bright region plus an elongated low surface brightness component which may resemble the jets seen on larger scales (see, for example, Readhead et al. 1978b , Shaffer 1978 , Kellermann 1978 , Readhead 1980 , Phillips & Mutel 1980 . Generally there is also some largescale structure associated with the compact sources (e.g. Perley et al. 1980) . Anywhere from a few percent to nearly all of the flux density may be in the compact components, and it is this fraction that determines the classification as a compact or extended source. Strictly speaking, however, there is no well-defined distinction between the two types of radio sources.
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Extended Sources
A substantial fraction of extended radio sources contains a compact core (see , Preuss et al. 197"7, Gopal Krishna et al. 1980 . such cases a clear optical identification is generally possible, since the core position, unlike that of the complex extended emission, can be uniquely defined. In the typical radio galaxy, where the symmetric extended emission dominates, the compact component, if present, is found coincident with the galactic nucleus to within the measurement accuracy of ~ 4-1 arcsee.
In most cases the flux density of the compact nucleus is rather weak, and it is difficult to map their structure with current techniques. With the exception of Cygnus A, these sources are not typical in that a significant fraction of their flux density is in the compact core. More typically, less than 10 percent of the flux density at cm wavelengths is in the compact core, and only Cygnus A is sufficiently strong to allow a detailed study.
As illustrated in Figure 4 , the compact nuclei generally show the same asymmetric "core-jet" type of structure that is observed for the isolated sources, although the associated extended emission is usually symmetrically placed with respect to the compact structure and associated galaxy or quasar.
The nuclear components are usually aligned roughly along a direction close to that joining the extended components which may be up to NPo[ 1275 ,, Figure 4 (a) Composite map of the radio galaxy NGC 1275 reconstructed from data given by Miley & Perola (1975) , Romney (1978) , and Preuss et al. (1979) . The shaded region schematically an H II cloud which partially obscures the northeast part o[ the nucleus.
www.annualreviews.org/aronline Annual Reviews -r www.annualreviews.org/aronline Annual Reviews hundreds of megaparsecs away, although sometimes there is significant curvature (Pauliny-Toth et al. 1976a , Kellermann 1978 , Readhead et al. 1978a , Fomalont 1980 , Linfield 1981 , Kus et al. 1981 . This alignment implies preferred axis in each source which extends from a few light years or less to far out into intergalactic space, and which must last over time scales of at least 108 years.
The compact nuclei of extended radio sources have spectral properties comparable to those of the isolated compact sources, and often there is strong IR or X-ray emission associated with the radio emission. Although there are no published results of long term monitoring of these sources, in general they do not appear to show the same extensive flux density variations of the type typically observed in the isolated compact sources (R. Ekers, private communication). In some radio galaxies, such as 3C 111 and 3C 390.3, the nuclei do show pronounced flux density variations (Hine & Scheuer 1980 ) but, as discussed above, in these objects the compact nucleus contains a significant fraction of the total flux density.
Very compact components have never been found in the lobes of symmetric extended sources, although Kapahi & Schilizzi (1979) have found "hot-spots" in the lobes of extended quasars, with linear sizes ~ 1 kpc.
Compact Sources
The compact radio sources are usually associated with quasars or BL Lac type objects. Others, however, such as 3C 84, 3C 111, and 3C 120, are found in the nuclei of active galaxies and even in some normal spiral or elliptical galaxies , Condon & Dressel 1978 , Crane 1979 , Shaffer & Marscher 1979 , Jauncey et al. 1980 , van Breugel 1981 . When mapped with VLB interferometer systems, the smallest scale structure typically shows a complex brightness distribution, which can be described by an asymmetric "core-jet" structure with a bright flat spectrum component at the end of a low surface brightness "jet" , Readhead 1980 . On a somewhat larger scale (e.g. 3C 395 and CTD 93), the sources may appear remarkably symmetric, with a ratio of component separation to component size of up to 30 to 1 (Phillips & Mutel 1980) . In the core-jet sources, the core components appear to be self-absorbed at long wavelengths and so are relatively more prominent at the shorter wavelengths (Readhead 1980 . Within the core the smallest components are strongest at the short wavelengths (Kellermann 1978 , BMtth et al. 1981 . Typically, the peak component brightness www.annualreviews.org/aronline Annual Reviews temperature observed is ~ 1011-12 K as expected from a compact synchrotron source with inverse Compton cooling (Kellermann & PaulinyToth 1969) .
Because the surface brightness of the jet components is low compared with that of the core, it is difficult to map their structure, although at least in the case of 3C 345, high resolution observations show that the jet appears to break up into a number of relatively bright regions (B~th et al. 1981) . At the longer wavelengths, where the jet components are stronger, the resolution has generally been inadequate to map the jet structure in detail.
By combining observations made at different wavelengths, it is sometimes possible to trace the structure of the jet from a milliarcsecond out to tens of milliarcseconds. For four or five of the brightest sources, where observations exist over a wide range of wavelength, the jet is seen to curve through an angle 20 to 40 degrees as the distance to the core decreases (Readhead et al. 1978b . High resolution maps of two sources that have been studied with VLBI systems are shown in Figure 5 .
Recent observations of a number of stronger compact sources, made with arcsecond resolution, show that they often possess a diffuse structure www.annualreviews.org/aronline Annual Reviews extending seconds of arc away along an angle which is continuous with that of the compact structure but which is a factor of a thousand or more larger (Davis et al. 1978 , Perley & Johnston 1979 , Perley et al. 1980 . Observations of even lower resolution made with high dynamic range indicate that there may be very low surface brightness features which are aligned with the compact structure, but which extend up to several megaparsecs away (Reich et al. 1980) . But it has not been clearly established whether these weak features are associated with the compact sources.
STRUCTURAL VARIATIONS
The compact radio sources are nearly all variable, and since they have complex brightness distributions, it is expected that in general the brightness distribution will vary with time. The detailed manner in which this occurs is clearly important as it may relate directly to the way in which relativistic particles gain and lose energy, and perhaps to the ultimate source of energy itself. The major questions are: Do the separate flux density outbursts occur in the same part of the source or in different locations? If the latter, does the location change randomly or systematically? Do the radiating regions move, and if so, how?
At present, repeated observations exist for only a few of the stronger sources. Although, for some of these, the observations extend over a decade of time, only since the late 1970s have the data been sufficient to describe the variations in any detail. No simple picture has emerged from a complex pattern of intensity changes combined with apparent component motions. Among the brightest sources, four (3C 120, 3C 273, 3C 279, and 3C 345) show evidence for apparent faster-than-light component motion with 5 ~< v/c <~ 45 . For another source, 3C 454.3, there are limited data from 1969 during a strong radio outburst which indicate superluminal motion, with v/c ~ 3 (Gubbay et al. 1977) . Two other strong sources, 3C 84 (NGC 1275) 4C39.25 (0923 + 39), show no component motion at all, while for another, 2134+00, there is no evidence for motion, but the data are very limited (Schilizzi et al. 1975 .
Because the flux densities of the compact sources vary, often by a factor of two or more, there is no unique listing of the n brightest sources. BL Lac and 0235 + 16 are at times included among the brightest 10 sources, and at times 3C 120 is not included. The limited data available for BL Lac can be interpreted in terms of flux density variations in fixed components (Clark et al. 1973 , Kellermann et al. 1977b ). There were unfortunately no VLBI data during the 1975 outburst in 0235 + 16, but the short time www.annualreviews.org/aronline Annual Reviews scale and absence of interstellar scintillations suggest superluminal motion in 0235 + 16 as well (Scheuer 1976) . Although it is difficult to make precise statements about the fraction of sources that show superluminal motion, roughly half of the stronger sources, at least, appear to show this effect, and this has important implications for interpretations that appeal to specialized geometries.
Stationary Sources
The sources 3C 84 and 4C 39. 3C 84 is of particular interest, since it consists of three main emission regions located in the nucleus of NGC 1275 (Pauliny-Toth et al. 1976b , Matveyenko et al. 1980 , which show no relative motion with an upper limit of only 10,000 km s-1 (Preuss et al. 1979) . The individual components, however, expand with an average velocity of about 30,000 km s-1, The rate of increase of component size as well as the increase in flux density suggest a prolonged acceleration or injection of relativistic particles which began some 20 years ago. In both 3C 84 and 4C 39.25 the characteristic age obtained by dividing the overall component separation by the maximum possible velocity is at least 300 years. Yet, in both sources, there are large flux density variations on a time scale of 1 to 10 years. Thus, in these sources at least, the relativistic particles appear to be injected or accelerated in fixed, spatially separated components. But, at least in the case of 3C 84, the similar ages deduced from the component expansion and flux density increase and the overall linear structure suggest that the separate emission regions are not independent but are perhaps excited by a wave or shock that propagates from a single origin.
Superluminal Sources
About a decade ago, observations of 3C 273 and 3C 279 made over a single transcontinental baseline showed that the structure of both sources had clearly changed during only a four-month period. The limited data then available could be most simply described by a simple double source whose components had separated with apparent velocities well in excess of the speed of light (Cohen et al. 1971 , Whitney et al. 1971 . During the first few years following the discovery of these apparent superluminal motions, interpretations in terms of fixed components that vary in flux www.annualreviews.org/aronline Annual Reviews density appeared attractive (Cohen et al. 1971 , Dent 1972a ,b, Kellermann et al. 1974 , although somewhat too contrived to be consistent with the observed variations in the total flux density and the apparent absence of any systematic contractions. At the time the superluminal motion appeared surprising, although it might have been predicted as a direct consequence of the observed rapid flux density variations.
Since then considerably more data have been accumulated on the sources 3C 120, 3C 273, 3C 279, and 3C 345 (Wittels et al. 1976b , Seidstad et al. 1979 . The cumulative evidence for component motions with apparent velocities up to 45 c is impressive although, with a few important exceptions, largely circumstantial. In the case of 3C 120 and 3C 279 it is necessary to postulate multiple events in order to interpret the apparent changes in the separation with time in terms of separating motion alone.
The model of multiple outbursts is consistent with the observed total flux density variations as well as the VLBI data (Seielstad 1974 , PaulinyToth et al. 1981 . The possibility of apparent contractions is, however, not unequivocally excluded, and this detracts somewhat from the arguments against interpretations in terms of flux density variations of fixed components, which are based on the absence of such contractions.
The quasars 3C 273 and 3C 279 and the galaxy 3C 120 are located at low declinations and, with the limited number of (mostly east-west) baselines used in VLB interferometer observations, it is difficult to construct a reliable two-dimensional picture. Particularly in the case of 3C 273, the early evidence for superluminal motion rested primarily on a detailed analysis of the manner in which the fringe visibility changes with time, rather than from a direct comparison of the structure observed at different epochs (Schilizzi et al. 1975 . Legg et al. (1977) were able to fit all of the data between 1970 and 1973 with a simple, fixed-component model and found no need for superluminal velocities during that period. But as shown in Figure 6 , more recent hybrid maps of 3C 273, made over a three-year period, show clearly the motion of the "jet" component away from the core with a velocity --~ 10 c (Pearson et al. 1981) .
The evidence for superluminal motion in the quasar 3C 345 came originally from observations made during the period 1970 to 1977 which have been interpreted in terms of a double source whose components appeared to separate at a constant angular rate of about 0.15 milliarcsec per year, corresponding to a linear velocity about seven times the speed of light , Wittels et al. 1976a . After 1977, however, the available data indicate a more complex structure, www.annualreviews.org/aronline Annual Reviews most simply described by a bright double core plus an elongated low surface brightness jet-like component , J. Spencer and K. Johnson, in preparation, Cohen et al. 1981 . For a two-year period from early 1978 to early 1980, there was no change in the separation of the core components. Although the jet-like component was too diffuse to enable specifying its position accurately, it appears to have moved away from the core with an apparent velocity of about 20 c (Schraml et al. 1981) .
Although the possibility of flux variations in fixed components giving the illusion of rapid component motion cannot be completely excluded, attempts to do so are very artificial in view of the great wealth of data suggesting moving components. The apparent motion may be summarized www.annualreviews.org/aronline Annual Reviews as follows :
(a) The apparent component separations measured at different wavelengths show small, but significant differences. Observations at widely different wavelengths show very different component sizes and separations with the largest and most distant components being found at the longer wavelengflas. In tracing the structure out from the core, the elongated structure may curve through an angle as much as 90 degrees up to a few seconds of arc away from the core.
(b) Apparent changes in component separation up to a factor of 10 are observed with apparent linear velocities up to 45 c.
(c) The apparent component velocities and direction of motion remain constant for as long as individual components can be recognized.
(d) In two sources, 3C 120 and 3C 279, where there has been more than one outburst, the direction of apparent component motion remains constant, but the apparent velocity can differ.
(e) There are no observed contractions, only separations; however, this conclusion is based on the association of occasional sudden decreases in observed separation with the beginning of new outbursts.
(f) Extrapolation of the component separation backwards in time zero spacing is usually coincident with a flux density outburst, but in some cases of multiple outbursts, such as 3C 120, the association, while self-consistent, is not unique.
Interpretation of Superluminal Motion
Attempts to understand the superluminal motion have produced a flurry of imaginative phenomenological interpretations including (a) real tachyonic motion; (b) grossly incorrect Hubble constant or non-cosmological red shifts , Burbidge 1978 (Barnothy & Barnothy 1971 , Chitre & Narlikar 1980 ; (e) systematic variations in synchrotron opacity (Epstein & Geller 1977) ; (f) synchrotron or curvature radiation from electrons gyrating in fixed dipole field (Milgrom & Bahcall 1978 , Sanders & Da Costa 1978 , Bahcall & Milgrom 1980 ; (0) various kinematic illusions caused by the finite signal propagation time (Rees 1966 , Cavaliere et al. 1971 ).
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It is beyond the scope of this paper to discuss all of these models in any detail. In general, they each explain some but not all of the observed characteristics of motion and, with the exception of the last category, are not supported by the other observational data discussed in previous sections. For a complete diseussionof the various models see Rees (1971 Rees ( , 1978 , Blandford, McKee & Rees (1977) , Blandford & Rees (1978) , Blandford & K6nigl (1979) , and Marscher & Scott (1980) .
In this review we concentrate on interpretations based on bulk relativistic motions, The first suggestion that this effect might be important in compact radio sources was made by Rees (1966 Rees ( , 1967 well before the observational discovery of superluminal motion. Rees postulated relativistically expanding sources to explain the observed rapid flux density variations (Rees & Simon 1968) , but more detailed studies have since shown that short flux density outbursts cannot be satisfactorily explained in this way (Terrell 1977 , Jones & Tobin 1977 , Vitello & Pacini 1978 . However, relativistic linear motion, which is oriented nearly along the line of sight, does lead to a satisfactory explanation of the rapid flux density outbursts, as well as the observed superluminal component motion.
Due to the finite propagation time of the signal radiated, the time scale for events seen by an external observer at rest with respect to an approaching source is shortened by a factor ~ ~-1.3 Thus the apparent angular size deduced from light-travel-time arguments is too small by a factor of and the corresponding brightness temperature too great by a factor of Values of y ~ 10 (fl ~ 0.995) are generally adequate to reduce the apparently excessive brightness temperatures discussed in Section 4.2, although for some of the low frequency variables, uncomfortably high values of ~ 100 (fl ,-~ 0.9999) may be needed. The apparent transverse velocity v± of an object moving with a true velocity v is given by (Ginzburg & Syrovatskii 1969) :
where 0 is the angle between the motion and the line of sight. Figure 7a shows the observed velocity plotted as a function of 0 for various values of/L For values of 0 ~ 90° the effect of finite signal propagation time is unimportant and v~_ ~-, v, but for values of 0 ,,~ 1/~, v± can be very large.
The maximum value of v± for a given value of fl occurs when sin 0 = 1/~, and is v m = ~,v = flVc. We note also that, at any given angle 0, there is a maximum velocity,
3~, : (1 --f12)-t/2, fl v/c.
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These results are only slightly changed if we consider two objects moving in opposite direction from a common origin. Then the velocity of separation v,± is given by vs± = 2v sin 0/(1 -82 cos 2 0),
which has a maximum velocity at an angle sin 0 = 1/~,fl which is Vsm = VCFor values of fl --~ 1,/)sm is nearly the same as for a single moving object. This is because the receding component "barely moves" with an apparent velocity ~ c/2. The two cases, of oppositely directed ejection of two components, and ejection of a single component seen together with a stationary core, could be distinguished by measuring the "absolute" component positions by comparison with nearby (stationary) reference sources. Differential position measurements of the required accuracy are possible with VLB techniques . Also, high resolution maps made with sufficient dynamic range can determine the number of components and their relative motion.
The probability, P(O), that one component of an oppositely directed pair of ejected sources will be aligned to within an angle, 0, of the line of sight is (1 -cos 0) (Figure 7b ). For sin 0 = 1/~, and for small values of O, (i.e. ~,>> 1), P(O) 1/2~, 2.
An important consequence of the bulk relativisitc motion is that the radiation is no longer isotropic but is beamed along the direction of motion within an angle of halfwidth ~ 1/~,. The apparent flux density of a moving component, Sa(O), in terms of the flux density, So, of the same component at rest, is given by (Ryle & Longair 1967 )
when viewed at angle 0, from the direction of motion. The function S~,(O) is shown in Figure 7c for several values of ft. When sin 0 = 1/y (i.e.v. = Vm), then (for 0t = 0) Sa "~ y3Sō
For an approaching component viewed "head-on," and ~,>> 1, the apparent flux density, S~(0)
www.annualreviews.org/aronline Annual Reviews while the receding component (cos 0 ~ -1) is essentially invisible with an apparent flux density, Sa(180), given Sa(180 ) ~ y-3So/8.
A detailed description of the appearance, time variations, and spectral behavior of two sources separating with relativistic velocity is given in the classical paper by Ozernoi & Sazonov (1969) , which preceded the observational discovery of superluminal motion. With great perception Ozernoi & Sazonov were able to infer the double relativistic ejection from consideration of the radio source spectra and total flux variations alone.
The interpretation of the observed superluminal motion in terms of bulk relativistic motion is very attractive in that it avoids the need to resort to non-cosmological red shifts or to abandon the synchrotron radiation mechanism; at the same time it provides a natural interpretation for the rapid flux density variations, the absence of inverse Compton scattered X rays, and interstellar scintillations, as well as the general asymmetric appearance of the superluminal sources. The models also fit naturally into the general picture of extragalactic radio sources in which energy is thought to be supplied to the extended lobes by means of wellcollimated beams or jets (Blandford & Rees 1974 , Scheuer 1974 , DeYoung 1976 , Miley 1980 , Fomalont 1980 . Nevertheless, the large bulk velocities of >~ 0.99 c do introduce a number of problems (Jones & Burbidge 1973 ). These are:
(a) While the apparently excessive energy requirement in the form relativistic particles is greatly reduced, the reduction is at the expense of energy that is tied up in component motion and in the magnetic field.
(b) The superluminal radio sources are smaller than the probable dimensions of the excited clouds of gas that give rise to the narrow optical emission lines. It is normally assumed that the radio source lies at least within the emission line region, so that, depending on the energy in the relativistic component, Jones & Burbidge (1973) argue that either it should be slowed down to a velocity v<<c or interaction with the gas should significantly perturb the emission line spectrum. However, because the filling factor in the emission line region is small, it might be possible for a sufficiently well-collimated relativistic beam to escape relatively unimpeded.
(c) To produce the observed superluminal motion, the motion must closely aligned with a narrow cone along the line of sight which has an a priori probability of ~< 1 percent (1/2~2); yet about half of all compact sources show evidence for superluminal motion, either from the VLBI www.annualreviews.org/aronline Annual Reviews observations or, less directly, but for a much larger sample, from the flux density variations.
(d) According to Equation (10) the flux density of the approaching component should be very much greater than that of a receding or stationary component by factors of ~ 10 6 and 103 respectively (for ~ ~ 5). This may be difficult to reconcile with the observations, which typically show roughly comparable component flux densities, although, as pointed out above, this may, at least in part, be an artifact of the limited dynamic range. Moreover, relativistic time dilation combined with a finite component lifetime could cause the exponent in Equation (10) to be (2 -rather than (3 -~), and so reduce the apparent discrepancy by an order of magnitude (Scheuer & Readhead 1979) .
Problems (a), (b), and (d) may be avoided if there is no actual material moving with high velocity, but only an electromagnetic wave that "ignites" stationary matter in the manner first discussed by Rees (1971) and LyndenBell (1977) , but problem (c) still remains in this case.
If, however, there is actual material moving, then the large fraction of sources that show evidence for superluminal motion and the apparent equality in the flux density of components might be explained as a selection effect. Only those components that are moving towards the observer and have enhanced emission due to the Doppler beaming are observed. Two variations of this model may be considered: many components may be ejected more or less isotropically, and owing to the relatively poor dynamic range of the VLBI maps, only the approaching components are strong enough to observe; or there may be a preferred axis for each source, and only those sources with axes pointed towards the observer are sufficiently, strong to be observed.
The constant position angles which have been observed for the multiple outbursts in 3C 120 and 3C 279 and the presence of well-defined position angles which are found in many sources over a wide range of dimensions make it difficult to accept the isotropic models. In the models involving a preferred axis, symmetrically ejected components, or pairs formed by the stationary nucleus and one ejected component, are expected to suffer the effects of differential Doppler beaming. Scheuer & Readhead (1979) suggest that the appearance of an expanding double may be due to a bright knot in the approaching jet, seen together with radio emission from matter moving out from a stationary nucleus, but the absence of the large expected flux inequality is still contrived. It is also possible that the expanding double is formed by two components ejected along the same track at somewhat different velocities. The radiation from the slower component is less sharply beamed, and Cohen et al. (1979) have shown that when viewing at the appropriate angle an observer may see an apprewww.annualreviews.org/aronline Annual Reviews ciable differential velocity from components with comparable flux densities. Scheuer & Readhead (1979) have made the inferesting suggestion that the relativistic beaming models may account for those quasars that are radio quiet, as they would then represent the large fraction of objects with emission which is not beamed towards the observer within a small angle 0 ~ 1/~. In this model, the radio emission from the quasars is intrinsically weak, and the quasars have luminosities comparable to the nuclei of nearby elliptical galaxies, but they appear brightened by a factor ~ 103 (for y ,~ 7) as a result of Doppler beaming. Scheuer & Readhead also point out that the fraction of quasars they expected to be observed as strong radio sources is ~ 1/~2 , and furthermore that the number of quasars detected as radio sources is expected to increase only very slowly with decreasing flux density. Both of these predictions are qualitatively consistent with the observations of radio quiet quasars (Sramek Weedman 1978 , Smith & Wright 1980 , Strittmatter et al. 1980 , but there remain problems with reconciling all of the observational material with the model, at least in its simplest form.
(a) More recent observations of bright optically selected quasars show a much larger fraction of detections than previously found (Condonet al. 1980 , D. B. Shaffer et al., unpublished, Smith & Wright 1980 . Relativistic beaming cannot be important in the ~ 30 percent of the optically bright quasars that appear to be strong radio sources, because, with the required broad beam, the relativistic enhancement is only about a factor of 2.
(b) Some sources, such as 4C 39.25, show no evidence for relativistic motion, yet have apparent luminosities comparable with the superluminal sources. Thus, unless this is interpreted as a fortuitous case of two components moving with the same velocity, or that 0<<1/~, the radiation must be isotropic and the intrinsic luminosity large.
(c) High resolution observations of extended symmetric double radio sources show that a large fraction contain bright compact components that are coincident with the associated optical object , Potash & Wardle 1979 , GopalKrishna et al. 1980 . The extended doubles are expected to be randomly oriented in space. Since, in those cases where data exist, the compact components are aligned with the extended ones, they too must be randomly oriented, and their apparent flux densities cannot be significantly enhanced by Doppler beaming (Kellermann 1978 , Readhead et al. 1978a , Linfield 1981 .
(d) As discussed in the next section, optically selected quasars and compact radio sources appear to have a very different spatial distribution, www.annualreviews.org/aronline Annual Reviews so the Scheuer-Readhead interpretation would apparently require that the probability of a favorable alignment, or the distribution of ~'s, be a function of red shift.
(e) It is not clear how sources such as CTD 93, which are well-separated doubles with nearly equal component fluxes and no evidence of a jet, fit into this picture.
(f) 3C 273 is the brightest quasar in the sky at optical, X-ray, and -ray wavelengths and shows superluminal motion (Pearson et al. 1981) . The a priori probability of finding an apparent value ~ ~ 10 is about one percent. Since 3C 273 is unique on the basis of its bright optical or X-ray emission alone, it is not possible to appeal to relativistic beaming of the radio emission to explain this apparently fortuitous coincidence. Doppler beaming of the nonthermal continuum does not help, as the emissionline strength alone makes 3C 273 a unique object, and there is no evidence that the emission-line region is moving relativistically.
Some of these problems, which were recognized by Scheuer & Readhead, can be understood by appealing to more sophisticated models, for example, with the value of ~, correlated with the presence of extended emission, optical luminosity, and red shift, but then the model loses much of its simplicity, and to these reviewers, its attractiveness.
SPATIAL DISTRIBUTION
Analysis of radio source counts and the luminosity volume test have led to the well-known result that the spatial distribution of the classical extended radio sources varies dramatically with cosmic epoch. In particular, near z ~ 1 the most luminous sources appear to be more abundant by a factor ,~ 10 3 compared with their local density, while the less luminous ones show little or no such evolution. [-See Wall (1980) and Wall al. (1980) for recent discussions.]
Because of their relatively fiat spectra, the compact sources are more prominent in surveys made at short wavelengths. The Parkes 11 cm Survey (Wall 1977 , Peacock & Wall 1980 ) and the NRAO and Bonn 6 Surveys (Pauliny-Toth 1977 , Pauliny-Toth et al. 1978a , Kellermann 1980b , Kiihr 1980 , Ledden et al. 1980 ) between them are complete over the whole sky and provide a complete sample of several hundred of the brightest sources; for limited regions, they reach source densities of 3 x 104 Sr-1. Observational emphasis during the past few years has concentrated on obtaining optical identifications, red shifts, and radio spectra for large numbers of sources over a wide range of flux density, and these data have provided the observational material to study the space distriwww.annualreviews.org/aronline Annual Reviews bution of the compact radio sources (Kellermann 1980b , Wall et al. 1981 and references therein). Figure 8 shows the differential 6-cm source count normalized to the hypothetical static Euclidean universe [i.e. N(S) = 60 S-1.5]. At this wavelength more than half of the stronger sources are compact. Because of the wide dispersion in spectra index, the rather sharp peak seen in the long wavelength differential count (Pearson & Kus 1978 is spread out over a wide range of flux density. Figure 8 also shows the 6-cm count separated into the "fiat-spectrum" and "steep-spectrum" sources, roughly corresponding to the compact and extended sources. As in the long wavelength surveys, the count for the steep-spectrum sources shows an excess over the canonical static Euclidean model down to ~ 60 mJy. Although no spectral data are available for the weaker sources, the total count requires that the steep-spectrum count converge below this flux density.
For the fiat-spectrum sources (the compact sources), the count peaks near 1 Jy and converges rapidly below this value. Since the compact sources are mainly identified with intrinsically powerful quasars typically having red shifts 0.5 ~< z ~< 3, it appears that at a level ,-~ 1 Jy, most of the strong radio quasars are detected, and surveys made to lower flux densities do not detect many more. Similar results are obtained from an analysis of the fiat-spectrum sources found in the Parkes 11-cm surveys (Wall 1977 , Wall et al. 1981 . This difference in the apparent spatial distribution between the two classes is also reflected in the luminosityvolume or (F/l/m) tests. For the strong, steep-spectrum quasars, various authors have determined a value of (V/Vm) ~0.65 (e.g. Schmidt 1968 , Lynds & Wills 1972 , Fanti et al. 1973 , Masson & Wall 1977 , Wills & Lynds 1978 corresponding to the strong spatial evolution deduced from the low frequency surveys. For the strong flat-spectrum sources, on the Figure 8 Differential log N-log S relation, normalized to an integral count N(S) = 60 S-t's. The counts for the fiat spectrum sources (©) and steep spectrum sources (~,) are shown separately. The dotted area on the left represents the possible range for the total counts based on the P(D) analysis. Data are taken from the various NRAO and MPI 6-cm surveys summarized by , Kfihr (1980) , and Ledden et al. (1980) . www.annualreviews.org/aronline Annual Reviews other hand, values of (V/Vm) "~ 0.55 have been reported by Schmidt (1976 Schmidt ( , 1978 , Masson & Wall (1977) , Lynds (1978), and . The apparent difference in the slope of the log N-log S counts and the values of (V/l/m) has generally been interpreted as a difference in the spatial evolution of the two spectral classes with the flat-spectrum sources showing a more uniform space density (Schmidt 1976 , Masson Wall 1977 , Wall 1980 ). This is difficult to understand, however, as optical counts and (I//V~) studies of optically selected quasars show even more extreme evidence for spatial evolution than the strong steep-spectrum radio sources. At z ~ 2, Schmidt & Green (1980) estimate an increase the space density of optically selected quasars of ,~ 105 over the local density. Thus if flat-spectrum radio sources are nearly uniformly distributed, the probability of a quasar's becoming a strong compact radio source must decrease with increasing z, or increase with cosmic epoch in just such a way as to appear to cancel the factor of lO~ in spatial evolution of the parent quasars. This behavior would be in dramatic contrast to that of E galaxies, for which the source counts and (V/V~) tests indicate that the probability of becoming a strong radio source increases with z, or decreases with epoch, at least for z ~< 1 (Longair 1978) .
It is not clear, however, whether the differences in the source counts can be more readily interpreted as due to the difference in the luminosity functions, and the corresponding difference in the volumes of space sampled by different sources in the two classes chosen to a given flux level. Since the slope of the source count and the value of (I//i/m) depend critically on the flux density interval chosen, it is not obvious in view of the different luminosity functions how to interpret comparisons made at the same flux density level (Kellermann 1980b (Kellermann , K~ihr 1980 . A further problem in understanding the apparent difference in space distribution is that both compact and extended emission are typically associated with the same optical object (see Section 5) with the classification depending on the relative strength of the compact and extended emission. Most optically selected quasars show no radio emission (Sramek & Weedman 1978 , Smith & Wright 1980 , but in quasars that contain extended emission the probability of finding a compact source is much larger , Potash & Wardle 1979 so that the two phenomena are not independent, and their apparent very different spatial evolution is difficult to understand. Masson & Wall (1977) and Kiihr (1980) have also suggested possible differences in the distribution of so-called "flat-spectrum" and "invertedspectrum" sources, but the statistics are too limited to make any definite statements.
SUMMARY
Perhaps the most significant result to come from the study of compact radio sources is the growing acceptance that bulk relativistic motion may be common, and that it provides a natural interpretation for (a) superluminal component motion; (b) rapid flux density variations; (c) absence of inverse Compton scattered X rays during outbursts; (d) absence of interstellar scintillations in rapid flux variables; (e) the efficient transfer of energy from its source to the extended radio lobes which may be up to a megaparsec or more away.
The observation, based on the lack of depolarization, that the compact sources are not contained by thermal plasma, and the direct determination of motions in the Galactic object SS 433 with v ~ 0.3 c (Abell & Margon 1979 ) both contribute to the acceptance of possible motions on a galactic scale with v ~ c. Non-cosmological red shifts, which have sometimes been suggested as the single simplifying assumption necessary to explain all of the above observations, appear even less attractive now with the detection of a stellar content in 3C 120 (Baldwin et al. 1980) , BL Lac (Miller et al. 1978) , and 3C 273 (Wyckoff et al. 1980 ) which would appear to remove any doubt as to their distance.
Many of the problems we have discussed here for the compact radio sources, involving high luminosities from apparently small volumes as well as the rapid flux variations which appear to violate inverse Compton limits, may be even more critical in the large optical and infrared wavelength outbursts (Rieke et al. 1976 , Stein et al. 1976 , Rieke & Lebofsky 1979 , Angel & Stockman 1980 . Relativistic beaming may also be important in interpreting the compact optical and infrared sources, particularly the very bright outbursts sometimes observed in BL Lac objects. Indeed the so-called BL Lac phenomenon may be just those objects in which the optical emission is beamed toward the observer, so that the emission-line radiation is swamped by the Doppler-enhanced continuum emission. It is unlikely that this effect can be irnportant in normal quasars, as the line and continuum intensities are typically comparable, and there is no evidence that the line emission in quasars contains a significant blue shift. Guthrie & Napier (1975) and S. van den Bergh (1978, private communication) have suggested that the one-sided optical continuum and radio jets in M87 and 3C 273 may also be the blue-shifted components of a symmetric ejection. We note, in addition, that in some superluminal www.annualreviews.org/aronline Annual Reviews sources, asymmetric extended radio emission is sometimes found along the line of motion, but tens of kiloparsecs (Davis et al. 1978 , Perley Johnston 1979 , or even several megaparsecs (Reich et al. 1980 ) away, suggesting that bulk relativistic motion may be important at much larger distances from the parent object than previously supposed.
It is interesting to note that the concept of relativistic beaming was first introduced as early as 1963 by Shklovsky (1963 Shklovsky ( , 1965 ) as a way explain both the asymmetric appearance of the jets in M87 and 3C 273, to reduce the apparently large energy densities required from isotropic models, and to eliminate the problem of short lifetimes of electrons responsible for the optical synchrotron emission. The growing evidence for relativistic motion in compact radio sources makes it possible to understand a wide range of otherwise perplexing observations without the need to invoke exotic physics or cosmologies. Future observations of the structure of the compact quasars and galactic nuclei made as a function of frequency and time with high resolution arrays will surely lead to a better understanding of these objects, and perhaps to the ultimate source of energy, in radio galaxies and quasars as well.
